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Abstract
The deuteron spectrum in n+p → d+pipi at kn = 1.88 GeV/c and θd =
0o is explained by considering a ∆∆ excitation as the reaction mechanism
for the 2pi production. We study the influence of intermediate ∆∆ and
∆N interactions on the spectrum. The angular distribution of the pions
is predicted.
1 Introduction
Experimental measurements of the reaction n+p→ d+ππ at neutron momenta
of 1.88 GeV/c [1] show a typical cross section structure known as the ABC–
effect [2]. The main features of this effect can be explained by assuming a
double ∆(1232) excitation to be the dominant reaction mechanism for the 2π
production [3, 4]. Therefore the n+ p→ d+ ππ reaction allows us to study the
influence of direct ∆∆ and ∆N interaction potentials. The Feynman diagram
corresponding to the ∆∆ mechanism is shown in fig. 1.
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Figure 1: ∆∆ excitation mechanism in the reaction n+p→ d+ππ. The shaded
areas symbolize the intermediate ∆∆ and ∆N interaction, respectively.
1
2 Theoretical Framework
In order to incorporate the interaction dynamics of the ∆∆ system in a proper
and efficient way, we apply a coupled channel approach [5] deduced from ∆–hole
models. The matrix element is calculated using the so–called source function
formalism [6]. We set up a system of coupled integro–differential equations for
the correlated ∆∆ wavefunction, which can be solved in configuration space with
the Lanczos method [6]. The ∆ resonance is treated thereby as a quasi–particle
with a given mass and an intrinsic, energy–dependent width. We construct
the interaction potentials V∆∆ and V∆N within a meson exchange model [7].
The exchanged mesons taken into account are the pion (π), the rho (ρ), the
omega (ω), and the sigma (σ). All the parameters of the potentials, such as
the coupling constants, cutoffs and meson masses, are determined from other
reaction studies, like single pion production and charge exchange reactions on
the deuteron [5].
3 Results and Discussion
Fig. 2 shows the result of our full model calculation compared to the experi-
mental deuteron spectrum for θd = 0
o. The overall agreement is very good.
The cross section exhibits characteristic enhancements at missing masses close
to 2mpi (corresponding to maximal and minimal deuteron recoil momentum in
the laboratory frame) and at the largest missing masses possible (the central
peak). This structure can be easily understood as follows [3]. Let us define
K = k1 + k2 , k = k1 − k2 , (1)
where k1, k2 denote the four–momenta of the two pions. The ∆∆ mechanism is
most efficient if both ∆’s are on–mass shell, which requires
s∆1 =
1
4
(kd +K + k)
2 =
1
4
(kd +K − k)2 = s∆2 . (2)
This condition is equivalent to kd · k = 0 and can be satisfied in two ways:
1. k = 0 and hence
√
K2 =Mpipi = 2mpi, or
2. ~kd = 0 in the rest frame of the two pions.
In the latter case, the 2π CMS is identical to the rest frame of the deuteron and
hence the overall CMS. The two pions pick up the whole kinetic energy which
meansMpipi = max. This leads to the high mass enhancement which corresponds
to the anti–parallel decay of the two ∆’s, while the low mass enhancement
(k = 0) corresponds to the parallel decay.
These two different kinematical situations are also manifest in the angular
distributions shown in fig. 3. For kd = 1.5 GeV/c (in the lab frame), the
pions are emitted back to back and any angle between ~k and the beam axis is
kinematically possible. The shape of the cross section reflects the spin–structure
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Figure 2: Theoretical result for the n+ p→ d+ππ cross section (full line) and
experimental data [1] at kn = 1.88 GeV/c and θd = 0
o. The dashed line shows
the phase space.
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Figure 3: Angular distribution of the two pions in the deuteron rest frame, given
as a function of cos(θpi) = kˆ · kˆn.
of the ∆∆ excitation [5]. For kd = 1.1 and 1.9 GeV/c, the pions are emitted
nearly parallel and have identical energies, hence ~k is dominantly perpendicular
to the beam axis.
Fig. 4 demonstrates the influence of the ∆N and ∆∆ interaction potentials
in our model calculation. The result for V = 0 (dashed–dotted line) clearly
shows the three peak structure as discussed above. The potential V∆N is at-
tractive and thus results in even more pronounced peaks (dashed line) since it
simply lowers the overall excitation energy. Inclusion of V∆∆, however, leads
to a redistribution of strength from the peaks towards the kinematical less fa-
vored situations between (solid line). This is the case because the optimal
configuration with both ∆’s on mass-shell can now also be reached if the initial
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Figure 4: Influence of the ∆∆ and ∆N interaction potentials.
momentum distribution was asymmetric.
To summarize we have shown that 1. the ∆∆ excitation is the dominant
reaction mechanism in the np → d + ππ two pion production at kn = 1.88
GeV/c, and 2. the intermediate ∆∆ and ∆N interactions play an important
role in this reaction which therefore may serve as a tool for closer examination
of the interaction potentials.
This work was supported in part by the Studienstiftung des deutschen Vol-
kes. We are very grateful to C. Hanhart and J. Speth for many helpful discus-
sions.
References
[1] F. Plouin et al., Nucl. Phys. A 302, 413 (1978)
[2] A. Abashian, N. E. Booth, K. M. Crowe, R. E. Hill, and E. H. Rogers Phys.
Rev. 132, 2296 (1963)
[3] T. Risser and M. D. Shuster, Phys. Lett. B 43, 68 (1973)
[4] I. Bar-Nir, T. Risser, and M. D. Shuster, Nucl. Phys. B 87, 109 (1975)
[5] C. A. Mosbacher and F. Osterfeld, Phys. Rev. C 56, 2014 (1997)
[6] T. Udagawa, P. Oltmanns, F. Osterfeld, and S. W. Hong, Phys. Rev. C 49,
3162 (1994)
[7] R. Machleidt, K. Holinde, and C. Elster, Phys. Rev. 149, 1 (1987)
4
